Abstract. Carbon assets are fundamental to the development of carbon emission rights market. However, research into recognizing and managing carbon assets is limited with no clear framework for carbon assets. Carbon assets management is a new and difficult problem in the carbon accounting field, which can affect further development of carbon assets management. It develops a definition for carbon assets using environmental assets and the analysis of carbon resource. That is, carbon assets are various kinds of tangible or intangible carbon resource that are owned or controlled by an enterprise, which are used to generate current and future economic benefits and related to generation of greenhouse gas emissions. Then, it uses this framework to analyze specific cases of international and Chinese carbon assets management to identify problems in effective implementation. Finally, several measures, including establishing institution organization and regulations, constructing budget system, participating carbon trading and consulting toward professional agency according to the characteristics of carbon assets management are proposed. Carbon assets management is a new research field, so many problems, such as the definition of carbon assets, carbon assets management pattern and key influence factors, need further investigation. The results identify the essence and definition of carbon assets, which may strengthen the enterprise's carbon assets management awareness and also provide helpful directions to improve carbon assets performance.
Introduction
Effective management system for reducing CO 2 is an important issue to firm enterprises for planning and mitigation of their carbon footprint. These firms in different industries are also aware of the positive effects of CO 2 reduction and management on their operational performance through cost savings, reputation building, and risk mitigation (Theiben and Spinler, 2014) . Many efforts are currently being devoted to developing models and methods capable of analyzing carbon management (CDP, 2011; CDP, 2014) . With the gradual introduction of climate policy and establishment of nationally unified carbon trading market, enterprises face increasingly stringent restrictions on carbon emissions (IPCC, 2013) . Controlling carbon emissions and managing carbon assets are thus becoming an inevitable choice for every enterprise. While more and more enterprises are beginning to realize the importance of carbon assets management (CAM), there is a general lack of clear fundamental principles of carbon assets and their management accounts. In addition, there is limited research in systematic assessment of CAM and its link to corresponding theory and methods. To fill this gap, we explore the theory and practice of carbon assets management and develop new operational definition through application in selected case studies.
Fundamental Principle of Carbon Assets
Though the management of carbon assets is becoming main stream, there is no clear definition of carbon assets. This constrains further development of carbon assets management in research and industry. To explore the definition of carbon assets, we discuss the rationality of carbon assets by comparing to the definition of environmental assets (EA) and the material basis of carbon resources.
(1)Environmental assets make reference for carbon assets There are two perspectives in defining environmental assets: macro-view and micro-view. In the macro-view, such as that of the United Nations Integrated Environmental and Economic Accountants (UNSEEA, 1995), environmental assets are divided into three resources: natural resources, land with adjacent water, and ecosystems. Meanwhile, researchers in accountancy have discussed environmental assets from a micro-view such as the approach of the Inter-Government Working Group of Experts on International Standards of Accounting and Reporting (ISAR, 2003) . This perspective regards environmental costs as being capitalized according to the recognized criteria of assets as environmental assets. Zhang (2001) uses the definition of assets in modern accounting theory and observe that EA is an environmental resource which is owned or controlled by an accounting entity and that which may bring economic benefits to it. Zhang (2002) defines EA as an environmental resource that is formed by past transactions and events and is also owned or controlled by the specific accounting entity, measured by money and may bring future economic benefits.
It is apparent that different perspectives will lead to different understandings of EA. Specifically, macro and micro perspectives can result in broad or narrow definitions of EA. The broad sense of EA covers all of the natural resource assets, ecological resource assets, and artificial environment assets. The narrow sense of EA comprises only artificial environmental assets. That is to say, EA is in which ownership has been defined or administrative entity is clear, and can make an effective control of it, and obtain direct or indirect economic benefits by holding or using it. Xu and Wang (2006) observe that the narrow definition of environmental assets is preferable because of its practical feasibility. It is also consistent with the theory of assets in the modern accounting theory internally and defines the time-space dimension of environmental assets that are beneficial for micro accounting useful in defining specific management for the environmental asset. The internal consistency in theory and practical feasibility can help in development of effective protection strategies and management of environmental assets.
Even if the theoretical basis of carbon assets can be referenced to EA, the material basis of it, the carbon potential or equivalence, needs to be clear. The resource is a source of national wealth and also a source of social wealth. Marxist school believe that the source of the creation of social wealth is the natural resources and labor resources by referring to "labor is the father of wealth, land is the mother of wealth". Xu and Wang (2006) believe that the resources mainly consist of natural resources, physical resources and various social productive elements that participate directly in transforming natural resources into physical products. Therefore, resources include two major categories: natural resources and social resources. The definition of carbon resources is thus the extension of this resource definition in climate science.
(2)Carbon resources provide the material basis of carbon assets The generation of carbon resources is closely related to the emissions of greenhouse gases (carbon dioxide equivalent, CO 2 e). For micro enterprises, direct and indirect greenhouse gas emissions including products from raw material acquisition, manufacturing, transportation, sales, utilization to abandonment produced in the process of the whole life cycle, also known as the carbon footprint. "Greenhouse Gas Protocol -Enterprise Measurement and Reporting Principle" that was published in 2003 by The World Business Council for Sustainable Development (WBCSD) and the World Resources Institute (WRI), referred to this as the "Protocol". Its major contribution is that it makes clear the sources of carbon emissions. According to the boundary produced by the carbon emissions, the source of greenhouse gases can be divided into direct and indirect emissions, and define it in three Scopes. The Scope 1 accounts direct emissions created internally in an enterprise; the Scope 2 accounts indirect emissions produced by outsourcing electricity to other businesses; and the Scope 3 accounts for other emissions that are not included in Scope 1 and Scope 2, particularly carbon emissions in the value chain upstream and downstream (WRI&WBCSD, 2004) . In order to reflect the complete nature of carbon emissions, one needs to take into account "carbon footprint", "carbon emissions reduction" and "carbon neutrality". Carbon footprint through the product's life cycle assessment is to calculate the greenhouse gas emission and removal at each stage, and thus to get a comprehensive understanding of the product's carbon footprint. Carbon emissions reduction, namely finding the link to reduce greenhouse gas emissions based on the carbon assessments and examination, and formulating relevant measures to reduce emissions to control and manage emissions. Carbon neutrality means purchasing carbon credits or credits from the market to make up for part of the excess emissions in order to achieve a "zero carbon" state.
According to the sources and characteristics of carbon emissions and use of the definition of resource for reference, the carbon resource can be defined as "various natural resources and social resources leading to greenhouse gas emissions". It includes the following categories specifically: (1) fossil fuels, including coal, oil, natural gas, etc.; (2) outsourced electricity, heat resource; (3) carbon emissions rights (quotas or credits); (4) human resource for accounting, verification of greenhouse gas emissions and so on.
(3)The definition of carbon assets According to the characteristics of carbon resources, as referred under the narrow definition of environmental assets, we can initially define carbon assets as "various kinds of tangible or intangible carbon resource which are owned or controlled by an enterprise, which are used to generate current and future economic benefits, and related to the generation of greenhouse gas emissions". In addition to this definition conforming to the nature of the assets, the most prominent feature is its connection to greenhouse gas emissions. Obviously, carbon assets are expressed as the influence of low carbon economy to the enterprise. When the economic structure changes, the function and form of these assets will also change. At the same time, defining the essence of carbon assets can also help the enterprise to clarify the effectiveness of emission reduction, and to develop low carbon development strategy. This can motivate the enterprise to reduce carbon emissions, cultivate low carbon competitiveness, and to achieve low-carbon transition.
According to the definition of carbon assets, several significant features identified are as follows: 1) Relation to greenhouse gases emissions: There has been some carbon assets in the enterprise, such as coal or petroleum that has been used, but also other carbon assets such as carbon quotas and carbon credits that are formed because of regulations from national climate policy to limit greenhouse gases emissions. Obviously, the main difference between carbon assets and ordinary assets is that whether it will lead to greenhouse gases emissions;
2) Physical form that can be tangible or intangible: Coal and petroleum are tangible carbon assets, while carbon quotas and carbon credits are intangible.
3) Holding period can be short-term or long-term: Fossil energy that is consumed within an operating cycle are called short-term carbon assets, while the long-term carbon assets have a holding period of more than one year in an operating cycle, such as patented technology and dedicated device purchased for carbon emissions reduction.
According to the characteristics and definition, carbon assets can be classified as flow assets, fixed assets, intangible assets, and financial assets ( Table 1) . 
Emerging Issues in Carbon Assets Management
The current situation of carbon assets and carbon trading shows, more and more companies are beginning to participate in carbon trading market proactively, and have gradually becoming conscious of carbon assets management. While carbon asset, after all, is still a new thing in China, it needs a long-term process for fostering the carbon asset markets. Obviously, carbon asset management at this stage also has the following main problems:
(1) There is a need for some clear definitions for theoretical and practical applications like what carbon asset is and how to manage it. For example, even for the first carbon assets management company in China, Hanergy Carbon Assets Management co., LTD, the understanding of resources is also not comprehensive. This company originally provided consulting services for the Clean Development Mechanism (CDM), while its current business has extended to the CDM project consulting, Voluntary Emission Reduction (VER) consulting, China Certified Emission Reduction (CCER) consulting and other management services. The lack of relevant laws and regulations as well as imperfection of carbon assets management services market often results in its lack of understanding of the nature of carbon assets and framework for carbon assets management.
(2) Currently, the enterprise and market simply equates carbon assets with carbon quotas. It is generally believed that enterprise gains "carbon assets" mainly through: 1) the government allocation of carbon emission allowances (quotas); 2) certified emission reduction of greenhouse gases obtained by carbon reduction projects; 3) purchasing carbon quotas or carbon credits and several other ways. From the above definition and classification of the carbon assets, the carbon quotas are carbon assets, but does not equates to carbon assets. Carbon assets are formed during the whole life cycle; with the whole cycle, including all links of measures. By taking control of carbon resource inputs, and improving the utilization efficiency of carbon resources and recycled wastes, one can eventually achieve the reduction of carbon emissions. Therefore, the view of equating carbon quotas to carbon assets is one-sided and narrow and not conducive to carbon asset management.
Measures for Improving Carbon Assets Management
Intrinsic value of "carbon" is provided by development of carbon trading, it makes the carbon emissions rights become goods that can be exchanged, and the carbon emission rights are recognized as assets with values. Carbon assets management of the enterprise in China is still immature, and it needs improvement through establishing management organization and regulations, constructing budget system, participating carbon trading and consulting toward professional agency.
(1) Carbon emissions reduction has become an important economic activity and can affect enterprise management. Enterprises' possession of carbon emissions quotas will be the potential carbon assets to create wealth for the enterprise through energy conservation and carbon emissions reduction, and have the potential for carbon liabilities to bring losses by carbon emissions augmentation. Obviously, this is likely to be the black hole in the enterprise operation in the future. Therefore, Chinese enterprises can establish and improve the carbon assets accounting system and set up a system of carbon budgets. The carbon budget concept is the result of global and national carbon budget process, which is the calculation of a country's and the world's allowance of the amount of carbon emissions to the atmosphere in a certain period of time. To extend this idea to the enterprise requires enterprises not only focus on responsible index system that is composed of sales, procurement, production, profit, cash flow and other individual budgets, but clearly understand their own carbon footprint. That is, exploring the carbon value from product design, choice of energy structure, low carbon technology research and development, investment and financing arrangements and others, to predict the future of enterprise's carbon emissions.
(2) With seven pilot carbon cities running steadily and the carbon market advancing systematically, China's carbon market quota capacity is expected to reach 4-5 billion tons in the future, and the quota's value is expected to reach 100-200 billion yuan. Design based on the carbon emissions reduction in cost differences, the carbon emission rights trading system, by using value principle of carbon trading market, can effectively adjust the costs and benefits of different enterprises. It is a market mechanism that will help decrease the cost of the national overall carbon emissions. An enterprise's emissions exceeding 1,000 tons, must implement emission reduction technology to reduce emissions, and will be expected to invest 100,000 yuan. However, if carbon quota price is 40 yuan/ton, one need only 40 thousand yuan by participating in carbon trading, the carbon cost emissions is just 40% of internal emissions reduction. Whether purchasing carbon quotas because of emissions augment, or selling carbon quotas because of emissions reduction, participating actively in carbon trading is an effective means to reduce carbon emissions cost and improve carbon reduction benefits.
(3) Currently, most of the enterprises do not have consciousness of carbon assets management besides a few companies beginning to manage carbon assets and set up corresponding organizations and formulate relevant laws and regulations. However, the lack of consciousness to carbon asset management and limiting management ability not only influences the assessment of carbon asset value and the emission reduction cost, but also affects the entire company in investment decision and budgeting eventually. As in carbon quotas trading market, if enterprises can examine their own carbon emissions ahead of schedule to manage it at any time, not only can they reduce the risk of enterprise performance, but they also can obtain carbon trading revenues from making full use of the price fluctuation. Therefore, for these enterprises, it is important to seek carbon assets management institutions to help provide professional consulting services in energy conservation and carbon reduction, namely the professional help to reduce costs. It also improves the efficiency of carbon resources integration and integrates carbon asset management to meet domestic and international regulations. By maintenance and appreciation of carbon asset values, enterprises having no carbon assets can occupy a new height in green economy, and thus it is undoubtedly a win-win choice for all.
Conclusions
Carbon assets management is an important problem for the enterprises with the development of low carbon economy. Recognize carbon assets as economic resources that are critical to managing greenhouse gas emissions and are similar to the definition of environmental assets. We observe theoretical and practical issues in carbon assets management by analyzing cases in international and Chinese carbon trading. We suggest some measures to strengthen carbon assets management. Obviously, Carbon assets management is a new accounting research field that may deeply affect the development of carbon trading market and enterprises' carbon profit. However, existing knowledge in this field can't provide effective theory and method directions for enterprises' carbon assets management.
Many problems need further investigation: (1) One of most important problems is how to define the carbon assets. There is no clear guidance on the essence of carbon assets. Meanwhile, few researches focus on classification and form of carbon assets, further research can pay attention to the foundations according to the law of carbon assets flow; (2) there is a need to establish a management pattern for carbon assets management with more comprehensive range of options. Currently, most enterprises do not have an effective system to allocate carbon assets. In addition, carbon assets management involves many participants and carbon markets. The management pattern can help the enterprise to construct carbon emission abatement strategy and carbon budget to some degree, so it can be helpful to allocate carbon resource and carbon credit trading; (3) There is a need to explore the law of carbon assets management and its influencing factors by analyzing some specific industries and several top emission typical enterprises, by taking the examples of coal fired power plants, iron and steel enterprises. The above cases are so simple that they don't reflect the complete nature of carbon assets. Many theoretical and practical problems remain to be further investigated, especially carbon assets' definition and cost measurement, performance evaluation, carbon budgets, and resource allocation.
